METHODS
Cases were all residents of Roka village who were newly tested and confirmed HIV-positive from 8 to December 22, 2014. Controls were HIV-negative individuals selected from neighboring households near the cases and excluded household members of a case and those testing reactive using 1 rapid test at the time of interview. Two controls were selected and intended to be matched on age and sex, but difficulties were encountered in matching for sex, leading to imperfect matching. Individual structured face-to-face interviews were conducted with cases and controls to collect demographic data, history of invasive medical procedures, and other HIV risk factors. Investigated medical procedures 
RESULTS
One-hundred and twelve HIVinfected cases and 214 HIV-uninfected controls were interviewed. Rapid testing during recruitment for the control group found 8 HIV reactive cases, who were then excluded from the control group. The mean age was 41 years (range 2-88) for cases and 38 years (range 1-81) for controls and not significantly different (P = 0.35). The proportions of children under 16 years of age were similar (approximately 20%). However, sex and marital status distributions significantly differed with more men (44.4% vs. 33.0%, P = 0.047) and single adults (17.8% vs. 6.3%, P = 0.023) among controls. Almost all cases (93%) and a large proportion of controls (54%) reported having had medical injections in the past 12 months. Intravenous infusion and blood draw were also common, but not surgical, dental, or obstetric procedures. With respect to other known risk factors, 14 adult male respondents reported having ever had sex with a sex worker, three respondents have had sex with an HIV-positive partner, and only one reported having ever injected drugs. No one reported ever having had group sex, homosexual sex with a man, or sex with non-spousal or nonregular partner.
Univariate logistic regression analyses demonstrated significant association between HIV infection and having received injections, intravenous infusion, or blood draw for all time frames within the past three years, with stronger associations within the past six months (Table 1) . No other factors examined were significantly associated with HIV infection, including other invasive procedures, injection drug use, and sex-related risk behavior usually associated with HIV transmission. In the multivariate model (Table 1) 
DISCUSSION
The results provide strong evidence that recent exposure to unsafe medical injection practices was associated with HIV infection among Roka village residents in Cambodia. Cambodia is known to have one of the world's highest rates of injection usage. [1] [2] [3] [4] [5] Medical injections are largely perceived as more effective than other treatments by both patients and practitioners and are common in rural and urban areas. 5 In Battambang province in 2014, approximately 30% of the adult population reported a medical injection in the past year (average of 1.6 injections for women and 1.7 for men) and almost all of them had their last injections with syringes and needles taken from a new, unopened package. 5, 6 In sub-Saharan Africa in 2004, it was estimated that 1%-5% of new HIV infections might be associated with unsafe medical injections. 7 The most recent global estimates indicate that unsafe medical injections accounted for 0.7%-1.3% of new HIV infections in 2010 and that between 2000 and 2010 the absolute number of HIV and hepatitis C virus (HCV) infections transmitted through injections declined by 87% and 83%, respectively. 8 Despite worldwide reductions in health care-associated HIV transmission, clusters of HIV infections related to unsafe injections have been reported in Russia, 9 Romania, 10 Libya, 11 and Kyrgyzstan. 12 More recently in 2015, an important HIV outbreak related to drug abuse-related injections was reported in Indiana, United States. 13 The cluster of HIV infections detected in Roka reveals that injection safety remains an important challenge in Cambodia and potentially more globally in the developing world where patients still overuse injection therapy. 1 It also suggests that HIV outbreaks related to unsafe medical practices might be detected more easily in concentrated than generalized HIV epidemics where occurrences might be largely underestimated. Subsequent investigation of Roka cases showed that more than 75% of HIV-positive cases were coinfected with HCV (manuscript in draft), underlying the importance of infection control for all blood-borne disease control and prevention. Infection control in health care and community-based settings should not only address the reuse of needles and syringes, multidose vial use and unsafe product sources, but also, as recommended by the World Health Organization, 14 aim to reduce unnecessary injections and transition to safetyengineered injection devices.
The level of awareness about the risk of HIV transmission through unsafe injections and the importance of using disposable syringes and needles was found high in Cambodia after large education campaigns conducted by the Ministry of Health (MoH) in the late 1990s. 2 Disposable needles and syringes became largely available in Cambodia after 2000 and were promoted for use in the 2001 National injection safety guidelines (revised in 2013). 15 Nevertheless, the recent Roka cluster showed that unsafe injections continue to occur in the country. As this may not be isolated to Roka alone, the MoH is planning to expand HIV surveillance to evaluate medical injection safety throughout the country and implement an efficient alert surveillance system. Indeed, in lowprevalence countries such as Cambodia, a better understanding of HIV transmission through unsafe injection is important and should be integrated into epidemic modeling that estimates HIV infection numbers. Cambodia's HIV burden estimates are currently based primarily on seroprevalence sentinel surveillance among pregnant women attending antenatal clinics and key populations, 16 which may not cover all risks of infection, such as the cumulative risks of the older population exposed to medical injection. In a recent study in Cambodia, being older than 50 years and exposed to multiple parenteral infusions before the year 2000 were independently associated with HCV infection in patients with HIV. 17 In rural areas of Cambodia, almost 29.4% of ill or injured patients reported receiving medical services in the past month by 'trained' health care workers. Another 5.3% attended the non-medical sector, whereas the vast majority attended other private and public sector services. 9 After the Roka outbreak, the MoH and Ministry of Information issued guidance in January 2015 to instruct local authorities to increase enforcement of licensing regulations toward unauthorized providers and medical clinics. 18 The current law subjects private medical practices to registrations and taxations, and the MoH is drafting new legislation to define and prohibit unlicensed practices. The MoH recognizes the importance of injection safety by having revised in 2013 the National injection safety guidelines, 15 first issued in 2001. Yet these laws and guidelines will require concomitant investments in human resources and law education, particularly in rural areas where shortages of personnel and legislative literacy, combined with the common use of roaming unlicensed medical providers, present major challenges to enforcing and regulating medical practice safety.
This study has some limitations, especially with the lack of random selection of controls for accurate matching because of incomplete and outdated household registries and records. Taking controls from neighboring households may have decreased associations because neighbors might be more likely to have similar health practices or use the same providers as their matched cases. Neighboring households limited our ability to match for sex and marital status. Despite that, our analysis could still find significant risk associations making us confident about the role of invasive medical procedures in HIV transmission.
In conclusion, in countries with low HIV prevalence like Cambodia, health care-associated HIV transmission may continue to represent substantial HIV risk and compromise HIV and other blood-borne disease control efforts. Such a risk should be closely monitored with appropriate tools and alert systems, actively prevented by improving health care providers' injection practices, both in the public and private sectors. Reduction of the demand for unnecessary medical injections should be raised through awareness of both the public and medical practitioners. 
